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Abstract
Background: Overweight and obesity are on the rise in developing countries including sub-Saharan Africa. We
undertook a four-country survey to show the collective burden of these health conditions as they occur currently in
sub-Saharan Africa and to determine the differences between urban and rural populations and other socio-
economic factors.
Methods: Participants were nurses in two hospitals in Nigeria (200), school teachers in South Africa (489) and
Tanzania (229), and village residents in one peri-urban (297) and one rural location in Uganda (200) who completed
a standardised questionnaire. Their height and weight were measured and body mass index calculated. Factor
analysis procedure (Principal component) was used to generate a wealth index. Univariate and multivariate analyses
with binary logistic regression models were conducted to examine the associations between potential correlates
and the prevalence of overweight and obesity with 95 % confidence intervals.
Results: The prevalence of overweight and obese (combined) was 46 %, 48 %, 68 %, 75 % and 85 % in rural
Uganda, peri-urban Uganda, Nigeria, Tanzania and South Africa (SA), respectively. Rural Uganda, Peri- urban
Uganda, Nigeria, Tanzania and SA had obesity prevalence of 10 %, 14 %, 31 %, 40 % and 54 %, respectively
(p < 0.001). Overall, prevalence of overweight was 374 (31 %) and obesity, 414 (34 %). Female sex was a predictor
of overweight and obesity (combined) in peri-urban Uganda [AOR = 8.01; 95 % CI: 4.02, 15.96) and obesity in rural
Uganda [AOR = 11.22; 95%CI: 2.27, 55.40), peri-urban Uganda [AOR = 27.80; 95 % CI: 7.13, 108.41) and SA [AOR = 2.
17; 95 % CI: 1.19, 4.00). Increasing age was a predictor of BMI > =25 kg/m2 in Nigeria [Age > =45 - AOR = 9.11; 95
% CI: 1.72, 48.16] and SA [AOR = 6.22; 95 % CI: 2.75, 14.07], while marital status was predictor of BMI > =25 kg/m2
only in peri-urban Uganda. [Married - AOR = 4.49; 95 % CI: 1.74, 11.57]. Those in Nigeria [AOR = 2.56; 95 % CI: 1.45,
4.53], SA [AOR = 4.97; 95 % CI: 3.18, 7.78], and Tanzania [AOR = 2.68; 95 % CI: 1.60, 4.49] were more likely to have
BMI > =25 kg/m2 compared with the rural and peri-urban sites.
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Conclusion: The high prevalence of overweight and obesity in these sub-Saharan African countries and the
differentials in prevalence and risk factors further highlights the need for urgent focused intervention to stem this
trend, especially among women, professionals and urban dwellers.
Keywords: Prevalence of obesity and overweight, risk factors for over-nutrition, Sub-Saharan Africa, South Africa,
Nigeria, Tanzania, Uganda
Background
Non-communicable diseases (NCDs) such as cardiovascu-
lar diseases (CVDs), type 2 diabetes, musculoskeletal dis-
orders and cancers have been reported as the major
causes of death globally and they accounted for 36 million
(63 %) of the 57 million deaths in 2008 [1]. Nearly 80 % of
these NCD deaths, equivalent to 29 million people, oc-
curred in low and middle income countries with the pro-
jection of about 52 million deaths annually by 2030 [1].
This high rate is attributed to the "epidemiologic transi-
tion" from communicable to non-communicable diseases
[2, 3]. Increasing prevalence of NCD risk factors such as
physical inactivity, unhealthy diet, alcohol consumption,
and cigarette smoking have been reported among popula-
tions in low and middle-income countries (LMICs) and
attributed to urbanization, industrialization, globalization
and lifestyle changes [4]. One major consequence of these
changes is a nutrition transition, the harbinger of over-
weight and obesity which are important modifiable risk
factors for chronic NCDs [5, 6]. The nutrition transition
results in distortion and extinction of indigenous and trad-
itional food habits which are healthier than the western-
ized habit of energy dense food consumption [7].
Overweight and obesity have become major global
health challenges. In 2010, overweight and obesity
were estimated to cause 3 · 4 million deaths, 3 · 9 % of
years of life lost, and 3 · 8 % of disability-adjusted life-
years (DALYs) worldwide [1]. According to the World
Health Organisation (WHO), in 2014, more than 1.9
billion adults (39 %), 18 years and older, were over-
weight. Of these, over 600 million (13 %) were obese
(Body Mass Index- BMI ≥ 30.0 Kg/m2) [8]. Overall in
Africa, currently some 27 % of adults aged 20 years
and over are overweight, and 8 % are obese [9]. The
WHO estimates that overweight and obesity have in-
creased drastically in sub-Saharan African (SSA) [10].
Among sub-Saharan African men in 2013, Equatorial
Guinea had the highest prevalence of obesity (25 %)
and Uganda the least (1.7 %) whereas among women,
South Africa had the highest (42 %) and Ethiopia the
least prevalence (1.8 %) [11].
The prevalence of overweight and obesity and its tem-
poral trends vary in magnitude by numerous factors in-
cluding sex, age, socio-economic status, diet, physical
activity and geographic location [12]. Urbanization, which
comes with increased access to energy-dense foods and
less strenuous jobs is a risk factor [13]. It is currently esti-
mated that as much as 20–50 % of urban populations in
Africa are classified as either overweight or obese [13].
Due to the unique genetic diversity and enormous
heterogeneity in life-styles in different countries, the
burden of obesity and overweight and their determi-
nants need to be studied in different sub-Saharan popu-
lations. Up-to-date information about levels and trends
in overweight and obesity is essential both to quantify
the resultant health effects of nutrition transition and
to prompt decision makers to prioritize action and
assess progress.
To this end, we undertook a series of pilot studies as
preparation for a multi-country large-scale longitudinal
study in sub-Saharan Africa named the Africa/Harvard
T. Chan School of Public Health (HSPH) Partnership
for Cohort Research and Training (PaCT). This study
was carried out in four sub-Saharan countries at five
different sites (Nigeria, South Africa, Tanzania, and one
peri-urban and one rural site in Uganda). In this report
we present a subset of the findings highlighting the
patterns of overweight and obesity at these sites, the
prevalence in relation to other socio-economic factors
and differences between urban and rural populations.
Methods
The PaCT study sites and participants have been described
in detail elsewhere [14]. Briefly, these 1463 participants in-
cluded nurses in two hospitals in Nigeria, school teachers
in South Africa and Tanzania, and village residents in one
peri-urban and one rural location in Uganda. All sites used
random selection for participants. Participants were adults
aged 18 years or older.
A standardized questionnaire was used at all sites.
Some questions were adapted from the World Health
Organization STEPS instrument developed for use in
resource-limited countries [15]. We focused here on
the sections related to overweight, obesity and their risk
factors. These included questions on “ever smoking” and
“number of cigarettes” in the preceding 24 h. Those with
secondary level education or less were categorized as low
education while those with university education or above
were categorised as having high education.
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Height and weight were measured after enrolment by
trained nurses or study staff following standardized
procedures. We calculated body mass index (BMI) as
weight in kilograms divided by height in meters
squared, and used the standard definitions of under-
weight (below 18.5 Kg/m2), normal weight (18.5–24.9
Kg/m2), overweight (25–29.9 Kg/m2) and obese (30
Kg/m2and above) [16]. Informed consent was obtained
from each subject either by voluntarily posting back a
signed form with a completed questionnaire (South
Africa and Tanzania), or through documentation with
trained interviewers (Nigeria and Uganda) [14].
Data analysis
All data analyses were conducted with STAT version
12.0 [17]. We first summarized variables using descriptive
statistics such as means, standard deviation, median
and range for continuous variables and proportions for
categorical variables. We then performed univariate and
multivariate analyses using binary logistic regression to
examine the associations between potential correlates
(age, sex, education, marital status, site, smoking status,
wealth index) and the BMI status. Odds Ratio and 95 %
confidence intervals were presented. In logistic regres-
sion anaylses, variables with p < 0.5 were included in
the multivariate model except variables exhibiting mul-
ticollinearity and with no representation in any of the
sites such as education, occupation and wealth which
were excluded; while model fit was assessed using Chi
square goodness of fit test [18]. Twenty four persons
who were underweight (body mass index < 18.5 kg/m2.)
were excluded from the bivariate and multivariate ana-
lysis because the objective was to determine correlates
of overweight and obesity comparing with normal [19].
We used factor analysis (Principal components) pro-
cedure with varimax rotation as reported by Filmer and
Pritchett [20] to generate a wealth index, using the
household source of drinking water and type of fuel
used for cooking. The created wealth quintiles were
categorised into three groups: high, being > =75th
percentile, middle, from the median to < 75th percentile
and low, being less than the median. Level of signifi-
cance was set at 5 %.
Results
Respondents’ characteristics
We enrolled 1463 participants comprising 489 teachers in
South Africa (33 %), 276 teachers in Tanzania (19 %), 200
nurses in Nigeria (14 %), 298 community members in
peri-urban Uganda (21 %) and 200 in rural Uganda (14 %).
The response rates were between 96 % and 99 % across
the sites. Out of the 498 in the Uganda sites, two thirds
(322, 65 %) of the participants were self-employed, 123
(25.0 %) were unemployed while 49 (9.9 %) were either in
government or private employment. All the respondents
in Nigeria were employed as nurses and those in South
Africa and Tanzania as teachers.
The frequency distribution of the respondents’ charac-
teristics by country site is shown in Table 1. The results
for each parameter are presented based on the number
that responded. Overall, two thirds were female (927,
65 %), 976 (70 %) were currently married/living together
and 856 (66.0 %) were classified to have high education.
Only 134 (10 %) of the participants mentioned they ever
smoked a cigarette. A quarter (351, 25 %) of the partici-
pants were in the low socio-economic group while 522
(37 %) were in the high socio-economic group.
The mean age of the participants was 41.0 ± 11.1 years
and ranged from 18– 80 years. South African and
Tanzanian participants were older than those from the
other sites. (Analysis of variance -ANOVA (Bonferroni):
F = 63.9 p < 0.0001).
Prevalence of overweight and obesity
Overall, the mean body mass index was 28.4 (SD = 6.6
Kg/m2). The prevalence of overweight was 374 (31 %)
and of obesity was 414 (34 %) (Table 1). South Africa
had a statistically significant higher prevalence of obesity
(54 %) compared to the other sites (p < 0.0001). Also
Tanzanian prevalence of obesity (at 40 %) was statisti-
cally significantly higher than the two Ugandan sites but
not Nigeria. (F = 80.2; p < 0.0001, Bonferroni (Dunn))
The association between BMI and age and site and sex
is depicted in Fig. 1. This showed mean BMI to be higher
among females except for respondents from Nigeria and
Tanzania. In addition, the mean BMIs were significantly
higher in females than males for all those above 24 years
old from peri-urban Uganda and South Africa
The relationship between BMI status (underweight,
normal overweight, and obese) by sex and site is shown
on Table 2. Generally, women had a higher proportion
of those obese except for Tanzania and Nigeria that had
a higher proportion of obese men. Among South
African women, 60 % were obese, while 33 % of the
men were obese.
Risk factors for overweight and obesity
Factors found to be associated with overweight and
obesity at univariate and multivariate analysis are dis-
cussed but the multivariate risk factors by sites, are
shown in Table 3.
In rural Uganda (Mbarara), being female was found
to be associated with obesity [OR = 9.88; 95 % CI: 2.11,
46.34] and having BMI > =25 kg/m2 (overweight and
obese) [OR = 2.12; 95 % CI: 1.12, 4.01] at univariate
analysis but at multivariate analysis, it was a predictor of
obesity after adjusting for age and marital status [(Ad-
justed Odds Ratio) AOR = 11.22; 95%CI: 2.27, 55.40].
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None of the tested explanatory variables were significantly
associated with being overweight.
In peri-urban Uganda (Makerere), being female was
both a significant risk factor and predictor for the three
categories of BMI. This was most with being obese with
females having 28 times the odds of being obese [AOR =
27.80; 95 % CI: 7.13, 108.41] compared with males. Other
risk factors found to be independently associated with
BMI status were age and marital status. Being married/
living together [AOR = 3.93; 95 % CI: 1.60, 9.64] and
being divorced/separated/widowed [AOR = 3.87; 95 %
CI: 1.10, 13.56] each had about 4 times the odds of hav-
ing BMI > =25 kg/m2 compared to those never married.
In Nigeria, it was only age that was found to be signifi-
cantly associated with and a predictor of overweight and
having BMI > =25 kg/m2 after adjusting for sex and
marital status in logistic regression. Respondents 35–44
years had about 4 [AOR = 4.16; 95 % CI: 1.10, 15.7] and 2
[AOR = 2.26; 95 % CI: 0.75, 6.79] times the odds of being
overweight and having BMI > =25 kg/m2, respectively
compared with those in age category 18–34 years. The
risk increased with age; those in age group > =45 years
Table 1 Respondents’ characteristics and body mass index status by country
Characteristics Rural Uganda Peri-Urban Uganda Tanzania Nigeria South Africa Total
n (%) n (%) n (%) n (%) n (%) n (%)
Sex
Female 100 (50) 158 (53) 192 (83) 133 (67) 344 (70) 927 (65)
Male 100 (50) 139 (47) 35 (17) 67 (34) 145 (30) 489 (35)
Age, years
18–34 88 (46) 141 (58) 57 (27) 73 (45) 43 (9) 402 (31)
35–44 62 (33) 47 (19) 75 (36) 55 (33) 167 (34) 406 (31)
> = 45 41(21) 55 (23) 77 (37) 36(22) 276(57) 485 (38)
Range 19–65 18–80 25–60 23–57 22–71 18–80
Mean (SD) Age 37 (11) 36 (14) 42 (9) 38 (8) 46 (9) 41 (11)
Education
Low education 198 (99) 201 (72) 0 0 0 399 (31)
High education 2 (1) 77 (28) 223 (100) 161(100) 429 (100) 892 (69)
Marital status
Never married 9 (5) 72 (24) 27 (12) 60 (32) 75 (16) 243 (18)
Married/living together 173 (87) 179 (61) 174 (77) 121 (64) 329 (69) 976 (70)
Separated, divorced, widowed, other 18 (9) 44 (15) 26 (11) 7 (4) 71 (15) 166 (12)
Cigarette smoking
Ever smoked 25 (13) 19 (6) 3 (1) 6 (3) 85 (19) 138 (10)
Never smoked 175 (87) 277 (94) 225 (99) 188 (97) 370 (81) 1235 (90)
Number of Cigarette in past 24 h
<= 19 22 (88) 19 (100) 3 (100) 6 (100) 65(76) 115 (84)
> = 20 3 (12) 0 0 0 20 (24) 23 (16)
Wealth status
High 0 5 (2) 0 77 (39) 440 (90) 522 (37)
Middle 56 (28) 180 (61) 150 (66) 107 (54) 49 (10) 542 (38)
Low 144 (72) 112 (38) 79 (35) 16 (8) 0 351 (25)
Body mass index (Kg/M2)
Underweight (BMI < 18.5 kg/m2) 4 (2) 17 (6) 1 (<1) 1 (<1) 1 (<1) 24 (2)
Normal (BMI 18.5–24.9 Kg/m2) 86 (52) 161 (56) 42 (25) 37 (32) 70 (15) 396 (33)
Overweight (BMI 25–29.9 Kg/m2) 59 (36) 69 (24) 58 (35) 43 (37) 145 (31) 374 (31)
Obese (BMI ≥30 Kg/m2) 16 (10) 40 (14) 67 (40) 36 (31) 255 (54) 414 (34)
Range (BMI) 15–43 17–42 17–45 18–40 18–66 15–66
Mean (SD) BMI 25 (4) 25 (5) 29 (5) 28 (5.2) 32 (7) 28 (7)
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having odds of about 13 [AOR = 13.46; 95 % CI: 2.19,
82.71] and 9 [AOR = 9.11; 95 % CI: 1.72, 48.16] times
higher, respectively than those in age category 18–34
years. This trend was also found with being obese but the
association was not statistically significant.
In South Africa, age was found to be significantly
associated with the three categories of BMI. This
remained significant as predictor of the categories after
adjusting for sex and marital status. For age group 35–44
years, the odds of being obese, overweight and having
BMI > =25 kg/m2 were about 4 (AOR = 3.65; 95 % CI:
1.48, 9.00] 5 [AOR = 4.49; 95 % CI: 1.49, 13.57] and 4
[AOR = 3.81; 95 % CI: 1.67, 8.70] times, respectively more
than those in age category 18–34 years. The risk increased
with age with those in age category > =45 years having
about 6 (AOR = 5.49; 95 % CI: 2.27, 13.29], 8 (AOR = 7.90;
95 % CI: 2.68, 23.28] and 6 (AOR = 6.22; 95 % CI: 2.75,
14.07] times the odds of being obese, overweight and
having BMI > =25 kg/m2, respectively compared with
those in age group 18–34 years. In addition, being female,
had 2 times the odds of being obese (AOR = 2.17; 95 % CI:
1.19, 4.00] compared with males.
In Tanzania, being female [OR = 2.0; 95 % CI: 1.49,
2.68] compared with males, in age group 35–45 years
[OR = 2.07; 95 % CI: 1.42, 3.01] and age group > =45 years
[OR = 3.03; 95 % CI: 2.09, 4.39] compared to age group 18–
34 years, and married/living together [OR = 2.13; 95 %
CI: 1.43, 3.19] and separated/divorced/widowed [OR =
2.81; 95 % CI: 1.62,, 4.88] compared to never married
status were found to be significantly associated with being
overweight and having BMI > =25 kg/m2 at univariate
analysis. However none of the explanatory variables tested
[sex, age, marital status, and smoking] was significantly
associated with BMI status at multivariate analysis.
Table 4 shows the univariate and multivariate risk fac-
tors for BMI categories when all sites were combined. In
Fig. 1 Mean BMI by age group and sex overall and in the different study sites
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univariate analyses, compared with those of normal
weight, sex, age, education, marital status, study site and
wealth status were found to be significantly associated with
BMI > = 25 kg/m2 (overweight and obese). However, in
multivariate analysis only being female (AOR) =2.10; 95 %
CI: 1.56, 2.84), aged > = 45 years (AOR =1.61; 95 % CI:
1.08, 2.41), married (AOR 1.70 95 % CI: 1.13, 2.56), from
South Africa (AOR = 4.97; 95 % CI: 3.18, 7.78), Nigeria
(AOR= 2.56; 95 % CI: 1.45, 4.53) and Tanzania (AOR =
2.68; 95 % CI: 1.60, 4.49) were independently associated
with having a BMI > = 25 kg/m2 (overweight and obese).
Results comparing risk factors for obesity vs. normal
weight, and for overweight vs. normal weight were very
similar to those comparing BMI > =25 kg/m2 (over-
weight and obese) vs. normal weight. However, marital
status was not a predictor of obesity.
Discussion
Overweight and obesity were once associated only with
developed countries, however, with urbanization, changes
in lifestyle and environment, the prevalence is on the rise
in low and middle-income countries, which include those
in Africa [21]. Our population-based study involving four
sub-Saharan African countries reveals a high prevalence of
obesity and overweight, both leading risk factors for many
chronic NCDs. This underscores the public health import-
ance of over-nutrition among adults in these sub-Saharan
countries, and possibly other countries in the region, as
two thirds of all the respondents were overweight and
obese (combined). Underweight was barely present,
constituting 2 % of all the respondents with a range of less
than 1 % in SA to 6 % in peri-urban Uganda. These find-
ings are similar to those of some developed countries [11].
We noted distinct geographical patterns in the preva-
lence of over-nutrition. The prevalence of overweight
and obese combined was 46 %, 48 %, 75 %, 68 % and
85 % in rural Uganda, peri-urban Uganda, Tanzania,
Nigeria and South Africa, respectively. Our findings
corroborate the high prevalence of over-nutrition re-
ported for these countries in the literature recently and
suggest increase in prevalence overtime when compared
with the 2013 figures published by Ng et al. The preva-
lence in each study site is also higher than the average
for their region in sub-Saharan Africa (eastern SSA,
western SSA and southern SSA) [11]
The variation in BMI status by site supports the
urban–rural differences reported in some studies in sub-
Saharan Africa [22–24]. We found that participants in
our urban sites (South Africa, Nigeria and Tanzania) had
higher risk of obesity or overweight compared with the
rural and peri-urban Ugandan site. This, corroborates past
studies which showed association between urbanization
and higher BMI both within and between countries. In
Tanzania, a study reported prevalence of obesity to be
13 % and 36 % compared with <10 % and 6 % among
urban men and women, respectively [25, 26]. In Uganda, a
study reported overweight to be 15.8 % and 23.8 %, and
obesity to be 3.9 % and 17.8 %, respectively in rural and
urban dwellers [27]. In Nigeria, 40 % and 30 % of females
in urban and rural areas were reported to be overweight and
Table 2 BMI status by sex and site in population samples from Uganda, Tanzania, Nigeria and South Africa
BMI Status (Kg/M2)
Underweight
(BMI < 18.5 kg/m2)
Normal
(BMI 18.5–24.9 Kg/m2)
Overweight
(BMI 25–29.9 Kg/m2)
Obese
(BMI ≥30 Kg/m2)
Total
Country site and Sex n (row %) n (row %) n (row %) n (row %) n (column %)
Rural Uganda
Male 3 (3.7) 48 (59.3) 28 (35.5) 2 (2.4) 81 (52.3)
Female 1 (1.4) 38 (51.4) 31 (41.9) 14 (18.9) 74 (47.7)
Peri-urban Uganda
Male 8 (6.1) 101 (77.1) 18 (13.7) 4 (3.1) 131 (45.6)
Female 9 (5.8) 60 (3.8) 51 (32.7) 36 (23.1) 156 (54.4)
Tanzania
Male 0 (0.0) 7 (24.1) 8 (27.6) 14 (48.3) 29 (17.3)
Female 1 (0.7) 36 (25.2) 50 (36.0) 53 (38.1) 139 (82.7)
Nigeria
Male 0 (0.0) 13 (31.0) 14 (33.3) 15 (35.7) 42 (35.9)
Female 1 (1.3) 24 (32.0) 29 (38.7) 21 (28.0) 75 (64.1)
South Africa
Male 0 (0) 28 (20.1) 57 (41.0) 54 (38.8) 139 (29.5)
Female 1 (0.3) 42 (12.7) 88 (26.5) 201 (60.5) 332 (70.5)
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Table 3 Multivariate comparison of factors associated with overweight vs normal weight, obese vs normal weight and overweight/
obese vs normal weight, by site
Factor Rural Uganda Peri-urban Nigeria Tanzania South Africa
AOR (95 % CI) AOR (95 % CI) AOR (95 % CI) AOR (95 % CI) AOR (95 % CI)
Overweight vs Normal weight
Sex p = 0.35 *p < 0.0001 p = 0.20 p = 0.82 p = 0.84
Male 1 1 1 1 1
Female 1.40 (0.66, 2.98) 5.66 (2.69, 11.91) 0.46 (0.14, 1.45) 1.18 (0.35, 3.97) 0.87 (0.46, 1.67)
Age Group, Years p = 0.14 p = 0.48 *p = 0.002 p = 0.91 *p < 0.0001
18–34 1 1 1 1 1
35–44 1.18 (0.54, 2.59) 0.98 (0.38, 2.55) 4.16 (1.10, 15.7) 0.58 (0.17, 1.95) 4.49 (1.49, 13.57)
> = 45 0.40 (0.14, 1.11) 1.54 (0.58, 4.08) 13.46 0.94 (0.26, 3.47) 7.90
(2.19, 82.17) (2.68, 23.28)
Marital Status p = 0.50 p = 0.08 p = 0.42 p = 0.61 p = 0.25
Never married 1 1 1 1 1
Married/living together 1.53 2.47 (1.00, 6.13) 0.49 (0.13, 1.82) 3.18 (0.73, 13.82) 1.36 (0.55, 3.32)
Separated/divorced/widowed (0.12, 19.17) 2.81 (1.62, 4.88) Empty 1.68 (0.22, 12.77) 1.78 (0.58, 5.49)
2.82
(0.19, 43.78)
Obesity vs Normal weight
Sex *p = 0.002 *p < 0.0001 p = 0.34 * = 0.92 *p = 0.02
Male 1 1 1 1 1
Female 11.22 27.80 0.68 0.81 2.17
(2.27, 55.40) (7.13, 108.41) (0.21, 2.21) (0.26, 2.51) (1.19, 4.00)
Age Group, Years p = 0.07 p = 1.18 p = 0.09 p = 0.46 *p < 0.0001
18–34 1 1 1 1 1
35–44 0.88 (0.24, 3.21) 1.79 (0.45, 7.10) 0.93 (0.24, 3.65) 0.49 (0.16, 1.52) 3.65 (1.48, 9.00)
> = 45 0.11 (0.01, 1.27) 3.77(0.85, 16.67) 5.19(0.85, 31.88) 0.59 (0.17, 2.06) 5.49(2.27, 13.29)
Marital Status p = 0.31 p = 0.07 p = 0.21 p = 0.41 p = 0.82
Never married 1 1 1 1 1
Married/living together 0.33 (0.02, 7.09) 2.22 (0.49, 9.96) 0.40 (0.12, 1.32) 3.36 (0.84, 13.40) 1.26 (0.58, 2.77)
Separated/divorced/widowed 0.19 (0.01, 7.78) Omitted Empty 2.30 (0.34, 15.42) 0.96 (0.43, 2.70)
Overweight/Obese vs Normal weight
Sex *p = 0.04 *p < 0.0001 p = 0.19 p = 0.92 p = 0.11
Male 1 1 1 1 1
Female 1.96 (0.96, 3.97) 8.01(4.02, 15.96) 0.52 (0.19, 1.34) 0.98 (0.34, 2.69) 1.57 (0.89, 2.76)
Age Group, Years p = 0.10 p = 0.31 *p = 0.004 p = 0.70 *p < 0.0001
18–34 1 1 1 1 1
35–44 1.18 (0.56, 2.49) 1.07 (0.45, 2.52) 2.26 (0.75, 6.79) 0.49 (0.17, 1.44) 3.81 (1.67, 8.70)
> = 45 0.38(0.13, 0.97) 1.79 (0.74, 4.34) 9.11(1.72, 48.16) 0.68 (0.21, 2.21) 6.22 (2.75, 14.07)
Marital Status p = 0.87 *p = 0.01 p = 0.18 p = 0.43 p = 0.53
Never married 1 1 1 1 1
Married/living together 0.90 (0.11, 7.61) 3.93 (1.60, 9.64) 0.43 (0.15, 1.24) 3.48 (1.00, 12.15) 1.27 (0.60, 2.67)
Separated/divorced/widowed 1.33(0.13, 13.77) 3.87(1.10, 13.56) Empty 2.17 (0.39, 12.09) 1.23 (0.46, 3.26)
* = significant at p < 0.05
Ajayi et al. BMC Public Health  (2016) 16:1126 Page 7 of 13
obese by Sola et al. [28]. These urban–rural differences have
been attributed to nutritional transition whereby there is a
dietary shift from traditional diets to processed, energy-rich
food, fat, animal-source foods, sugar and sweetened bever-
ages [28]. This dietary shift may be more pronounced among
urban compared with rural dwellers because of higher in-
comes and more availability of processed foods. We also be-
lieve that this differential by region could be related to the
level of economic development and level of urbanization of
the respective countries [29, 30]. Even though we did not test
further the association of the wealth index with the BMI cat-
egories, due to the fact that 2 of the 5 study sites had nobody
in 2 of the wealth categories, there is a suggestion that eco-
nomic status is a risk factor for overweight and obesity in
this study.
In our study, prevalence of over-nutrition and the
associated factors also vary across the study sites. South
Africa had the highest prevalence of overweight and
obesity (combined) at 85 %, and this was higher than the
prevalence of 65 % reported in 2012 [23]. The preva-
lence of obesity (56 %) in SA supports increasing trend
when compared with the 23.5 % and 27.2 % reported in
2008 and 2012, respectively in this country [31]. This
increasing trend was also found in our other study sites
[32]. In Tanzania, prevalence of obesity and overweight
was 40 % and 35 %, respectively and this was higher than
32.54 % and 23.44 % reported in 2012, respectively [25].
In Nigeria, the prevalence of overweight and obese in a
study in 2011 was 22 % and 4 %, while in 2014 another
reported prevalence of 31 % and 17 %, respectively [33]
Okafor et al., 2014; these values are much lower than
37 % and 31 % found in our study.
The documented attributable determinants of over-
nutrition across African countries including our study
Table 4 Basic Characteristics of all the participants by BMI status showing Odds Ratio (OR) with 95 % confidence intervals (CI)
Factors Obesity vs Normal weight Overweight vs Normal weight Overweight/obese vs Normal weight
Univariate Multivariate Univariate Multivariate Univariate Multivariate
OR (95 % CI) AOR (95 % CI) OR (95 % CI) AOR (95 % CI) OR (95 % CI) AOR (95 % CI)
Sex p < 0.0001 p < 0.0001 p < 0.0001 P = 0.005 p <0.0001 P < 0.0001
Male 1 1 1 1 1 1
Female 3.71 (2.73, 5.04) 2.57 (1.75, 3.78) 2.00 (1.49, 2.68) 1.59 (1.13,2.24) 2.71 (2.11, 3.50) 2.10 (1.56, 2.84)
Age Group, Years p <0.0001 P < 0.0001 p < 0.0001 P = 0.001 p <0.0001 p < 0.0001
18–34 1 1 1 1 1 1
35–44 2.99 (2.04, 4.38) 1.29 (0.79, 2.11) 2.07 (1.42, 3.01) 1.24 (0.81,1.90) 2.48 (1.80, 3.41) 1.24 (0.85, 1.81)
> = 45 4.97 (3.41, 7.25) 1.82 (1.10, 3.00) 3.03 (2.09, 4.39) 1.67 (1.07, 2.60) 3.89 (2.82, 5.37) 1.61 (1.08, 2.41)
Marital Status p = 0.009 p = 0.55 p < 0.0001 p =0.03 p =0.0001 p =0.05
- Never Married 1 1 1 1 1 1
- Married/Living together 1.69 (1.17, 2.45) 1.56 (0.95, 2.56) 2.13 (1.43, 3.19) 1.71 (1.06, 2.77) 1.88 (1.36, 2.59) 1.70 (1.13, 2.56)
Separated/divorced/widowed/ other 2.01 (1.18, 3.42) 1.40 (0.68, 2.88) 2.81 (1.62, 4.88) 2.03 (1.04, 3.94) 2.35 (1.48, 3.74) 1.81 (0.99, 3.29)
Country site p < 0.0001 p < 0.0001 p <0.0001 P < 0.0001 p <0.0001 P < 0.0001
Rural Uganda 1 1 1 1 1 1
Peri-urban Uganda 1.28 (0.68, 2.42) 1.30 (0.64, 2.61) 0.58 (0.37, 0.90) 0.66 (0.40, 1.07) 0.73 (0.49, 1.09) 0.75 (0.48, 1.18)
Nigeria 4.99 (2.46, 10.10) 5.24 (2.41, 11.43) 1.62 (0.93, 2.81) 1.74 (0.94, 3.22) 2.33 (1.42, 3.85) 2.56 (1.45, 4.53)
South Africa 18.94 (10.41, 34.44)) 14.10 (7.51,26.49) 2.86 (1.84, 4.45) 2.42 (1.49, 3.94) 6.29 (4.20, 9.42 4.97 (3.18, 7.78)
Tanzania 8.38 (4.32, 16.23) 6.69 (3.32, 13.48) 1.93 (1.15, 3.26) 1.60, (0.90, 2.85) 3.31, (2.06, 5.30) 2.68, (1.60, 4.49)
Educational Status p <0.0001 p <0.0001 p <0.0001
Low education 1 – 1 – 1 –
High education 5.98 (4.20, 8.50) – 1.98 (1.46, 2.67) – 3.25 (2.49, 4.23) –
Wealth status p <0.0001 p <0.0001 p <0.0001
Low 1 – 1 – 1 –
Middle 2.07 (1.38, 3.09) – 0.74 (0.52, 1.05) – 1.15 (0.85, 1.55) –
High 8.26 (5.43, 12.56) – 2.42 (1.67, 3.52) – 4.22 (3.01, 5.90) –
Current Smoker p = 0.63 – p = 0.92 – p =0.82 –
No 1 – 1 – 1 –
Yes 0.89 (0.56, 1.41) – 1.02 (0.65, 1.62) – 0.96 (0.64, 1.42) –
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sites include female sex, being married, living in urban
areas, higher socio-economic category, being African/
White, physical inactivity [31, 32, 34] globalization of
food production and marketing [34] and increasing age
[27]. Furthermore, in Nigeria and South Africa [31, 32],
residing in areas of high crime rates have been associated
with overweight and obesity because the activities of the
criminals prevent the residents from outdoor exercise such
as walking due to fear of being harmed. All of these risk
factors were corroborated in our study except for residing
in high crime rate areas and race which we did not explore.
The differences are discussed below.
i) Sex: There was gender differences in BMI status
across the study sites. The highest prevalence of obesity
was recorded in South African women (61 %) which is
about similar to the 69.3 % found by Ng et al. [11].
Within sites, the prevalence of obesity was found to be
more among females in SA and the 2 Ugandan sites.
This corroborates past studies in these sites where more
women were reported to be overweight and obese com-
pared with men. [11. 27]. In addition, our study showed
an increasing trend even by sex when compared to a
past study in rural and periurban area in Uganda, with
overweight among men being 35.5 % vs 12.4 % vs and
women 41.9 % vs 23.1 %; but the increase in obesity
prevalence was minimal with 2.4 % vs 2.0 % and 18.9 %
vs 12.7 % among men and women, respectively [27].
Contrarily, in Nigeria and Tanzania, obesity was more
among males while overweight was more among females
in our study. This finding, which is similar to the pattern
in developed countries, was also reported for Nigeria by
Ng et al. in 2013 but not in Tanzania [11]. However, most
past studies conducted in Nigeria and Tanzania showed
obesity and overweight to be higher among females than
males [25, 26, 28, 33]. This deviation in our study despite
the fact that majority of our respondents in Nigeria and
Tanzania were females, calls for a larger study with more
country representative samples.
Sexual variability in obesity and overweight has been
adduced to hormonal and genetic differences [35].
However, apart from these, behavioural and cultural
factors could be responsible [28]. Being undernour-
ished in childhood and in higher wealth category have
been adduced for possible obesity in females [36].
Women engage in less physical activity than men [33]
and in some cultures, the practice of female seclusion,
as found in Northern Nigeria poses risk for developing
obesity [37]. Some authors have reported African cul-
tural factors such as related to body image [38] and
men’s preferences for ‘fat’ women who are thought to
be more beautiful [30, 33] and the belief that being fat
is a sign of affluence [28, 30] to encourage overweight
and obesity. This thus calls for interventions that are
sensitive to cultural belief systems and values [39]
which is especially important in the African context
with regards to body image.
Marriage: In our study marriage was found to be asso-
ciated positively with BMI categories differently though
not all were significant. It was only in peri-urban Uganda
that we found marital status to be a predictor of BMI
status whereby those married/living together and those
divorced/separated were 5 and 4 times more likely to be
overweight and obese (combined) than never married. In
the literature, association between marriage and over-
nutrition has been two sided. On one hand marriage was
demonstrated to be protective with the argument that mar-
riage promotes better health and increases longevity [40].
On the other hand, entry into marriage has been demon-
strated to be a risk factor for obesity. Married couples may
no longer pay attention to their weight, they often eat to-
gether ordered/fast foods, spend much time watching tele-
vision together and exercise less [31, 41]. Another risk in
females is child bearing. Contrarily, the never married need
to keep their weight under check to remain attractive for
potential suitors and this may also be true for those di-
vorced especially the females to enhance their prospects in
the marriage market [42]. This difference could also be a
function of increasing age as those ever married whether
still living together or separated/widowed are more likely
to be older than the never married. In addition, since this
association was found to be significant in only one of the
countries studied, cultural differences may be responsibility
and needs to be explored.
Age: Age as a predictor of BMI status was demonstrated
to be significant only in Nigeria and South Africa. In
Nigeria, the risk of being overweight was 4 and 14 times
more among those 35–44 years and > =45 years, respect-
ively compared with those younger (18–34 years) and for
overweight and obese (combined) it was 2 and 9 times
more. However, this finding was for only being over-
weight and obese (combined) in South Africa with
those > =45 years having 2 times the risk of those 35–44
years and 5 times the risk of those younger = <34 years.
This finding is similar to that of a study of female teachers
in Ghana and another study in rural and peri-urban study
in Uganda [27, 43] When the study sites data were pooled
together, the risk of overweight and obesity (combined)
was also found to increase with age in this study popula-
tion. This corroborates findings in past studies in both
developed and less developed countries [33, 44, 45].
Increased rate of obesity with age has been attributed to
hormonal changes and decreased physical activity and me-
tabolism that accompany aging [35].
Occupation, Education and wealth: The education of
the respondents in this study is a reflection of the type
of profession they engaged in. The respondents were spe-
cialized groups comprising teachers in SA and Tanzania,
and nurses in Nigeria. However, respondents in the two
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Ugandan sites were from the general population with a
mix of occupation types. The highly selective nature of the
respondents was a challenge in the conduct of test of
association as Tanzania, Nigeria and South Africa had no
one in the lower education category and there was collinear-
ity among the variables. In the same vein, rural Uganda and
Tanzania had no participant in the high wealth category. The
high prevalence of over-nutrition among those with higher
education also reflects the relationship with type of occupa-
tion and the wealth index. For this reason we did not dwell
on the association of BMI categories with education,
occupation type and wealth status. However, over-nutrition
has implications in the workplace. It is associated with occu-
pational injury, absenteeism, reduced productivity, weight
discrimination, short-term disability, and presentism [43].
The work environment has also been shown to con-
tribute to the obesity epidemic. Such “obesogenic” work
environment includes shift work, job stress and long
work hours [46]. Health service providers (HSPS) such
as doctors, nurses, and pharmacists are one of the most
important group of workers facing such “obesogenic”
work setting. The work environment of teachers also
encourages sedentariness and high prevalence of obesity
has been reported among them [43]. However, studies
have demonstrated conflicting findings on the association
between obesity and health care providers. In developed
countries, they have been demonstrated to have lower rate
of obesity compared with general population [47] while in
developing countries including Nigeria the prevalence
among them is similar or in some cases higher than that
of the general population [48]. The Nigerian respondents
in our study were nurses in Abuja and the prevalence of
obesity (31 % %) among them was higher than 17 %%
found in the general urban population [33] and lower than
the prevalence among nurses in Akwa Ibom (62.6 %)
where culturally, females are encouraged to feed well to
be “fat” [49]. This high prevalence was also reported
among health workers in SA [50].
Wealth or socio-economic status (SES) is a known risk
factor for overweight and obesity although it was not
tested in multivariate analysis in our study. Albeit, the
urban sites recorded more people in the high and middle
wealth status compared with the rural and peri-urban
sites. Higher SES has predicted higher prevalence of
obesity in other studies in Africa [51] contrary to the
situation in developed countries, where higher preva-
lence of obesity is seen among low socioeconomic
groups [29, 52]. One of the reasons for high prevalence
of overweight and obesity in the low socio-economic
class in the developed countries is poverty and access to
calorie-dense food which are relatively cheaper than
healthy diet. The opposite appears to be true in develop-
ing countries where nutrition transition is more preva-
lent among those of higher socio-economic class since
such foods are usually expensive and out of reach of the
poorer populace. Unfortunately, in Africa, those in the
high socio-economic class who can afford a healthier
diet and lifestyle, may not be health cautious. Socio-
cultural beliefs that physical inactivity, being ‘fat’ and
eating westernised diet are considered as signs of afflu-
ence, contribute to inattention to healthy behaviours.
Also, many people prefer to be overweight so as not to
be perceived as being part of the HIV/AIDS pandemic
which has devastated Africa [25].
Our study has some limitations. This was a pilot sur-
vey planned to provide data for designing a future large
multi-country cohort study, hence, the relatively small
sample size in each site. In addition, participants were
selected groups which may not be a representative sam-
ple of the general population. While we cannot say that
estimate of overweight and obesity in this study is gener-
alisable, the findings show that the tsunami of over-
weight and obesity predicted for developing countries is
a reality in our study sites with heterogeneity across the
sites [53]. Thus the need for a large prospective study
that include more countries in Africa [54]. The choice of
professional populations at three sites may have also
influenced the relationship between BMI status and
wealth status of the respondents. The use of only two
household ingredients for determining wealth index in
this study is also a limitation and there was nobody in
the high wealth status category in 2 (rural Uganda and
Tanzania) of the 5 study sites. For education level, three
sites did not have anyone with low education reflecting
the selectiveness of participants in our study. For this,
we deemed it fit not to use these variables in the multi-
variate analyses. These limitations highlight some of the
challenges of multi-country studies.
Public health implications
We found that the prevalence of overweight and obesity
are on the rise in our study sites when compared with
past studies and with rural–urban, geographical and
gender differences. This has major implications on the
healthcare systems in these countries and the region
(similar trend in other SSA countries has been reported
in the literature) as they will face increasing demand for
care of chronic conditions related to obesity and over-
weight such as diabetes mellitus, osteoarthritis, cancers
and cardiovascular diseases. Cardiovascular diseases and
diabetes are already among the top leading causes of
deaths in these countries [55]. The preponderance of
overweight and obesity among the urban dwellers and
women points to the need for group specific or targeted
interventions to combat the menace. In developing
intervention for control of over-nutrition, barriers to
lifestyle change at personal, environmental and socio-
economic levels should be targeted and stakeholders at
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different levels should be involved. Policies to regulate
dietary habit, provide environments that encourage
physical activity behaviours (although not explored in
this study), such as creating walk ways, and support
health services should be formulated and implemented.
Conclusion
The prevalence of overweight and obesity was high in
the sub-Saharan African populations studied. Although
the study was carried out among professionals except in
Uganda, the findings reflect the rising incidence of over-
weight and obesity in developing countries as docu-
mented in other recent studies. The observation is that
women, older people and those in high socio-economic
class were more at risk. Contrarily, in developed coun-
tries over-nutrition is seen more among those in low
SES and rural populations. Our study also demonstrated
that urbanisation (proxy by association with residing in
urban areas) is an important determinant of overweight
and obesity in our study. As urbanization and the
accompanying nutrition transition is bound to continue,
the need to stem the rising incidence of obesity becomes
pertinent in SSA. This high incidence correlates with the
reported escalating NCD prevalence in the region and
thus underscores the need for urgent intervention. Rais-
ing awareness among those living in urban areas, profes-
sionals and women on the role of lifestyle changes in
combating obesity and its associated health risks is
important. We also recommend that routine measure-
ment of biometrics at every opportunity to identify those
at risk of obesity and its complication be instituted in
these countries.
Abbreviations
AIDS: Acquired immunodeficiency syndrome; ANOVA: Analysis of variance;
AOR: Adjusted odds ratio; BMI: Body mass index; CVDs: Cardiovascular
diseases; DALYs: Disability-adjusted life-years; HIV: Human immunodeficiency
virus; HSPH: Harvard T. H. Chan School of Public Health; LMICs: Low and
middle-income countries; NCDs: Non-communicable diseases;
PaCT: Partnership for cohort research and training; SAS: Statistical analysis
system; SES: Socioeconomic status; SSA: Sub-Saharan African; WHO: World
Health Organisation
Acknowledgements
The authors thank all the subjects who participated in this study and the
field staff in each of the study sites for their dedication to the data collection
and success of the pilot studies.
Funding
This work was funded by a grant from the Dean’s office of the Harvard T. H.
Chan School of Public Health, the Harvard T. H. Chan School of Public Health
Department of Nutrition (Dr Walter Willett, Chairman), and Karolinska
Institutet Distinguished Professor Award to Prof. Hans-Olov Adami (Dnr:
2368/10_221). The funds supported only the design and data collection for
the study.
The authors have not received any funding or benefits from industry or
elsewhere to conduct this study.
Availability of data and materials
We do not wish to share our data at this time. This is because this is “work
in progress” and a large group of investigators and institutions are involved.
It is premature to put up the data in public domain so as not to jeopardise
all the efforts and the intended further analysis.
Authors’ contributions
All authors designed study; IOA, CA, FB, DG, MN, CL, JNM, FSC, JV, RK
conducted the study in their respective sites; SD, CL, FB, DG, MN, CA, JNM,
FSC, IA, RK cleaned the data; IOA, SD, MBD analyzed data; IOA prepared the
first draft of the manuscript; all authors commented on drafts and read and
approved the final manuscript.
Authors' information
The authors are members of the partnership with interest in cohort research
for non-communicable diseases in Africa. The Africa/Harvard School of Public
Health (HSPH) Partnership for Cohort Research and Training (PaCT) project
plans on investigating the association of lifestyle factors and chronic disease
risk in sub- Saharan Africa, through a large epidemiological cohort study. The
authors are experts with interest in NCDs and the team is led by seasoned
senior researchers from the Harvard T.H. Chan School of Public Health and
participating institutions in Africa.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study was approved by the Harvard T. H. Chan School of Public Health
Institutional Review Board; the Institute of Human Virology Heath Research
Ethics Committee, Nigeria; the Health Research Ethics Committee of the
Faculty of Health Sciences, Stellenbosch University; Makerere University
School of Public Health’s Higher Degrees Research and Ethics Committee;
National Institute for Medical Research, Tanzania; Mbarara University of
Science and Technology Research Ethics Committee; and the Uganda
National Council of Science and Technology. Written informed consent was
obtained from each subject.
Author details
1Department of Epidemiology and Medical Statistics, Faculty of Public Health,
College of Medicine, University of Ibadan, Ibadan, Nigeria. 2Institute of
Human Virology, Abuja, Nigeria. 3School of Medicine Greenbaum Cancer
Center and Institute of Human Virology, University of Maryland, Baltimore,
MD, USA. 4Department of Medical Epidemiology and Biostatistics, Karolinska
Institute, Stockholm, Sweden. 5Department of Epidemiology, Harvard T. H.
Chan School of Public Health, Boston, MA, USA. 6Department of Community
Health, Mbarara University of Science and Technology, Mbarara, Uganda.
7Department of Epidemiology & Biostatistics, Makerere School of Public
Health, Kampala, Uganda. 8Department of Physiology, Muhimbili University
of Health and Allied Sciences, Dar es Salaam, Tanzania. 9Department of
Internal Medicine, Muhimbili National Hospital, Dar es Salaam, Tanzania.
10The South African Cochrane Centre, South African Medical Research
Council, Cape Town, South Africa. 11Centre for Evidence-based Health Care,
Faculty of Medicine and Health Sciences, Stellenbosch University, Cape
Town, South Africa. 12Department of Environmental Health, Harvard T. H.
Chan School of Public Health, Boston, MA, USA. 13Department of Health
Policy and Management, Harvard T. H. Chan School of Public Health, Boston,
MA, USA. 14Channing Division of Network Medicine, Department of
Medicine, Brigham and Women’s Hospital and Harvard Medical School,
Boston, MA, USA.
Received: 26 February 2016 Accepted: 20 October 2016
References
1. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A
comparative risk assessment of burden of disease and injury attributable to 67
risk factors and risk factor clusters in 21 regions, 1990–2010: a systematic
analysis for the Global Burden of Disease Study 2010. Lancet. 2012;380:2224–60.
2. Sani MU, Wahab KW, Yusuf BO, Gbadamosi M, Johnson OV, Gbadamosi A.
Modifiable cardiovascular risk factors among apparently healthy adult
Nigerian population – a cross sectional study. BMC Res Notes. 2010;3:11.
Ajayi et al. BMC Public Health  (2016) 16:1126 Page 11 of 13
3. Oladapo OO, Salako I, Sodiq O, Shoyinka K, Adedapo K, Falase AO. A
prevalence of cardiometabolic risk factors among a rural Yoruba south-
western Nigerian population: a population-based survey. Cardiovasc J Afr.
2010;1:26–31.
4. Venkat Narayan KM, Ali MK, Koplan JP. Global non-communicable disease-
where worlds meet. N Engl J Med. 2010;363:1196–98.
5. Cappuccio FP, Kerry SM, Adeyemo A, Luke A, Amoah AG, Bovet P, et al.
Body size and blood pressure: an analysis of Africans and the African
diaspora. Epidemiology. 2008;19:38–46.
6. Vorster E, Bourne L. The nutrition transition in South Africa. In: Steyn NP,
Temple N, editors. Community Nutrition Textbook for South Africa. Parow:
MRC; 2008.
7. Raschke V, Oltersdorf U, Elmadfa I, Wahlqvist ML, Kouris-Blazos A,
Cheema BSB. The need for an online collection of traditional African
food habits. Afr J Food Agric Nutr Dev. 2007;7. http://www.ajfand.net/
Volume7/No1/Verena2330.pdf
8. WHO. Obesity and overweight Fact sheet. 2014; N°311. WHO Media centre.
http://www.who.int/mediacentre/factsheets/fs311/en/
9. WHO. Global status report on non-communicable diseases. Geneva: WHO; 2010.
10. Abrahams Z, Mchiza Z, Steyn NP. Diet and mortality rates in Sub-Saharan
Africa: stages in the nutrition transition. BMC Public Health. 2011;11:801.
11. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al.
Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980–2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet. 2014;384:766–81.
12. Wilborn C, Beckham J, Campbell B, Harvey T, Galbreath M, La Bounty P, et
al. Obesity: prevalence, theories, medical consequences, management, and
research directions. J Int Soc Sports Nutr. 2005;2:4–31.
13. Sodjinou R, Agueh V, Fayomi B, Delisle H. Obesity and cardiometabolic risk
factors in urban adults of Benin: relationship with socio-economic status,
urbanisation, and lifestyle patterns. BMC Public Health. 2008;8:84.
14. Dalal S, Holmes MD, Laurence C, Bajunirwe F, Guwatudde D, Njelekela M, et
al. Feasibility of a large cohort study in sub-Saharan Africa assessed through
a four-country study. Glob Health Action. 2015;8:27422.
doi:10.3402/gha.v8.27422.
15. WHO. Preventing chronic diseases, a vital investment. Geneva: World Health
Organization; 2005.
16. Classification of Overweight and Obesity by BMI, Waist Circumference,
and Associated Disease Risks https://www.nhlbi.nih.gov/health/
educational/lose_wt/BMI/bmi_dis.htm
17. STATA Data analysis and statistical software. https://www.stata.com.
18. Stat Trek Teach yourself statistics: Chi-square goodness of fit test. http://
stattrek.com/chi-square-test/goodness-of-fit.aspx?Tutorial=AP.
19. Akarolo-Anthony SN, Willet WC, Spiegelman D, Adebamowo CA. Obesity
epidemic has emerged among Nigerians. BMC Public Health. 2014;14:455.
20. Filmer D, Pritchett LH. Estimating wealth effects without expenditure data–
or tears: an application to educational enrollments in states of India.
Demography. 2001;38:115–32.
21. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et
al. National, regional, and global trends in body-mass index since 1980:
systematic analysis of health examination surveys and epidemiological studies
with 960 country-years and 9.1million participants. Lancet. 2011;377:557–67.
22. Nwokorie CU. Prevalence, risk factors and awareness of hypertension in
semi-urban and rural communities in Nigeria – a systematic review. J
Biotechnol Sci Res. 2014;1:39–62.
23. Shisana O, Labadarios D, Rehle T, Simbayi L, Zuma K, Dhansay A,
SANHANES-1 Team, et al. South African National Health and Nutrition
Examination Survey (SANHANES-1). Cape Town: HSRC Press; 2013.
24. Njelekela MA, Mpembeni R, Muhihi A, Mligiliche NL, Spiegelman D,
Hertzmark E, et al. Gender-related differences in the prevalence of
cardiovascular disease risk factors and their correlates in urban Tanzania.
BMC Cardiovasc Disord. 2009;9:30. doi:10.1186/1471-2261-9-30.
25. Muhihi AJ, Njeleka AM, Mpembeni R, Mwiru R.S, Mligiliche N, Mtabaji J.
Obesity, Overweight, and Perceptions about Body Weight among Middle-
Aged Adults in Dar es Salaam, Tanzania. Obesity. 2012;2012: http://dx.doi.
org/10.5402/2012/368520
26. Njeleka MA, Negishi H, Nara Y, Sato T, Tomohino M, Kuga S, et al. Obesity
and lipid profiles in middle aged men and women in Tanzania. East Afr
Med J. 2002;79:58–64.
27. Kirunda BE, Fadnes LT, Wamani H, Van den Broeck J, Tylleskär T. Population-
based survey of overweight and obesity and the associated factors in peri-
urban and rural Eastern Uganda. BMC Public Health. 2015;15:1168. doi:10.
1186/s12889-015-2506-7.
28. Sola AO, Steven AO, Kayode JA, Olayinka AO. Underweight, overweight and
obesity in adult Nigerians living in rural and urban communities of Benue
State. Ann Afr Med. 2011;10:139–43.
29. Ziraba AK, Fotso JC, Ochako R. Overweight and obesity in urban Africa: A
problem of the rich or the poor? BMC Public Health. 2009;9:465.
30. Shayo GA, Mugusi MF. Prevalence of obesity and associated risk factors
among adults in Kinondoni municipal district, Dar es Salaam Tanzania. BMC
Public Health. 2011;11:365.
31. Sartorius B, Veerman LJ, Manyema M, Chola L, Hofman K. Determinants of
obesity and associated population attributability, South Africa: Empirical
evidence from a national panel survey, 2008–2012. PLoS ONE. 2015;10(6):
e0130218. doi:10.1371/journal.pone.0130218.
32. Chukwuonye LL, Chuku A, John C, Ohagwu KA, Imoh ME, Isa SE, et al.
Prevalence of overweight and obesity in adult Nigerians – a systematic
review. Diabetes Metab Syndr Obes. 2013;6:43–7.
33. Okafor CI, Gezawa ID, Sabir AA, Raimi TH, Enang O. Obesity, overweight, and
underweight among urban Nigerians. Niger J Clin Pract. 2014;17:743–9.
34. Caballero B. The global epidemic of obesity: an overview. Epidemiol Rev.
2007;29:1–5.
35. Erem C, Arslan C, Hacihasanoglu A, Deger O, Topbas M, Ukinc K, et al.
Prevalence of obesity and associated risk factors in a Turkish population
(Trabzon city, Turkey). Obes Res. 2004;12:1117–27.
36. Case A, Menendez A. Sex differences in obesity rates in poor countries:
Evidence from South Africa. Econ Human Biol. 2009;7:271–82.
37. Bakari AG, Onyemelukwe GC, Sani BG, Aliyu IS, Hassan SS, Aliyu TM. Obesity,
overweight and underweight in suburban northern Nigeria. Int J Diabetes
Metab. 2007;15:68–9.
38. Gillum RF, Sempos CT. Ethnic variation in validity of classification of
overweight and obesity using self-reported weight and height in American
women and men: the Third National Health and Nutrition Examination
Survey. Nutr J. 2005;4:article 27.
39. Melnyk MG, Weinstein E. Preventing obesity in black women by targeting
adolescents: a literature review. J Am Diet Assoc. 1994;94:536–40. PMID: 8176129.
40. Wilson SE. Marriage, gender and obesity in later life. Econ Human Biol.
2012;10:431–53.
41. Tzotzas T, Vlahavas G, Papadopoulou SK, Kapantais E, Kaklamanou D,
Hassapidou M. Marital status and educational level associated to obesity in
Greek adults: data from the National Epidemiological Survey. BMC Public
Health. 2010;10:732. doi:10.1186/1471-2458-10-732. PMID: 21110843.
42. Wilson, Averett SL, Sikora A, Argys LM, et al. For better or worse: relationship
status and body mass index. Econ Human Biol. 2008;6:330–49.
43. Pobee RA, Owusu WB, Plahar WA. The prevalence of obesity among
female teachers of Child-bearing age in Ghana. Afr J Food Agric Nutr
Dev. 2013;13:7820–39.
44. Nyaruhucha CN, Achen JH, Msuya JM, Shayo NB, Kulwa KB. Prevalence and
awareness of obesity among people of different age groups in
educational institutions in Morogoro, Tanzania. East Afr Med J. 2003;80:
68–72.
45. Ogden CL, Lamb MM, Carroll MD, Flegal KM. Obesity and socioeconomic
status in adults: United States 1988–1994 and 2005–2008. NCHS data brief
no 50. Hyattsville: National Center for Health Statistics; 2010.
46. Buss J. Associations between obesity and stress and shift work among
nurses. Workplace Health Saf. 2012;60:453–8.
47. Caban AJ, Lee DJ, Fleming LE, Gomez-Marin O, LeBlanc W, Pitman T.
Obesity in US workers: The National Health Interview Survey, 1986 to 2002.
Am J Public Health. 2005;95:1614–22.
48. Iwuala SO, Ayankogbe OO, Olatona FA, Olamoyegun MA, OkparaIgwe U,
Sabir AA, Fasanmade OA. Obesity among health service providers in Nigeria:
danger to long term health worker retention? Pan Afr Med J. 2015;22:1. doi:
10.11604/pamj.2015.22.1.5586.
49. Ogunjimi L, Ikorok MM, Olayinka Y. Prevalence of obesity among Nigerian
nurses: the Akwa Ibom State experience. Int NGO J. 2010;5(2):45–9.
50. Skaal L, Pegpid S. Obesity and health problems among South African
healthcare workers: do healthcare workers take care of themselves? S Afr
Fam Pract. 2011;53(6):563–7.
51. Christensen DL, Eis J, Hansen AW, Larsson MW, Mwaniki DL, Kilonzo B, et al.
Obesity and regional fat distribution in Kenyan populations: impact of
ethnicity and urbanization. Ann Hum Biol. 2008;35:232–49.
52. Lopez RP. Neighborhood risk factors for obesity. Obesity. 2007;15:2111–9.
Ajayi et al. BMC Public Health  (2016) 16:1126 Page 12 of 13
53. Dalal S, Beunza JJ, Volmink J, Adebamowo C, Bajunirwe F, Njelekela M, et al.
Non-communicable diseases in sub-Saharan Africa: what we know now. Int
J Epidemiol. 2011;40:885–901.
54. Holmes MD, Dalal S, Volmink J, Adebamowo C, Njelekela M, Fawzi WW, et
al. Non-communicable diseases in sub-saharan Africa: the case for cohort
studies. PLoS Med. 2010;7:e1000244.
55. Horton R. Global, regional, and national incidence, prevalence, and
years lived with disability for 301 acute and chronic diseases and
injuries in 188 countries, 1990–2013: a systematic analysis for the Global
Burden of Disease Study. Global Burden of Disease Study 2013
Collaborators. Lancet. 2013;386:743–800.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Ajayi et al. BMC Public Health  (2016) 16:1126 Page 13 of 13
